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(54) Heterogenous metallocene catalysts and use thereof In olefin polymerization process 



(57) This invention is related to a method for the 
preparation of heterogeneous catalysts, useful for the 
production of poliolefins. 

The method is characterized because said cata- 
lysts are obtained by supporting onto solids soluble met- 
allocenes possessing one or more functional groups. 
Said functional groups are characterized because they 
can react with other reactive groups on the surface of 
the solids. The reactive groups on the solids can be part 



of said solids or incorporated by means of chemical 
modification. These catalyst systems are especially ap- 
propiated for the polymerization of one or several 1 -ole- 
fins having from 2 to 20 carbon atoms in their chain. Fur- 
ther, they are especially appropiated for the copolymer- 
ization of ethylene with 1 -olefins having from 3 to 20 car- 
bon atoms in their chains. These polymerization proc- 
esses can be carried out in gas-phase, slurry or solution, 
at high temperatures and pressures. 
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D s riptlon 

4 . lrt , anfl Mtalvfitfi and use thereof in an olefin polymerization 
The present invention relates to heterogeneous metallocene catalysts ana 

process. 

TECHNICAL BACKGROUND 

bulky boron compounds which, acting as non-coord.nat.ve anions, stawuze 

EP 206794 discloses heterogeneous catalysts obtained oy mium 
a.uminoxane and metallocene onto ^an morgan *£W°^ muIticornp0 nent systems, that Is catalysts containing 

ems r^^rcTss^ * w ^ —* - - - 

not tightly bond to the support so that separation o the ^taHocene irom a and ^ metal|ocene . 

for polymerizing 6-olefins. 
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A further object of the present invention is the use of specific compounds for the modification of the inorganic 
support. 

The catalyst components according to the invention present a very strong bond between the metallocene and the 
support without losing catalytic activity. Furthermore the by-products resulting from the synthesis of the catalyst com- 
5 ponent do not reduce the catalytic activity and thus do not need to be removed. The so obtained catalyst polymenzes 
6-olefins in high yields and without phenomena of leaching of the metallocene from the support. 

DETAILED DESCRIPTION OF THE INVENTION 

io The present invention relates to a catalyst component obtainable by contacting a metallocene compound with an 

inorganic support, wherein the metallocene compound A has formula (I): 



is 



(Li>„ 



R 6 R 5 R 2 R 1 M-(X) r 

(Y-CSi^-C^-C^VtC^tSi^L^/ 

20 K R 7 R 4 R 3 C,J 



wherein: 

25 M is a metal of group IVb. Vb or Vlb of the periodic table, preferably Ti, Zr or Hf. 

Each X is independently selected from hydrogen hatogen. 0,-0,0 alkyl. 0,-0,0 alkoxy, C 6 -C 10 aryl. C 6 -C, 0 anloxy. 
C 2 -C,oalkenyl.C 7 -C4oarylalkyl.C 7 -C 40 alkylaryl.C 8 -C4 0 aryIalkenyl. '- 
L, and U are independently selected from cyclopentadienyl. substituted cyclopentadienyl. indenyl. fluorenyl. sub- 
stituted Indenyl and substituted fluorenyl. wherein the substituents are independently selected from C,-C,o "near or 
so branched alkyl. Cg-Cy cyctoalkyl. optionally substituted by an alkyl group, C6-C, 0 aryl. C 6 -C, 0 anloxy. C 2 -C, 0 alkenyl. 
C r C4 0 arylalkyl.CV-C46alkylaryl.C 8 -C 40 arylalkenyl. . . . ... r ~ 

Ri FU. R a . FL. Re. Rc. R 7 . R e are independently selected from hydrogen. C,-C, 0 linear or branched alkyl. Cg-Cy 
cycloalkyl I optionally substituted by a C,.C 6 alkyl. C 6 -C, 0 aryl. C 2 -C, 0 alkenyl. CVC40 arylalkyl. Cr^o alkylaryl. C e - 
C40 arylalkenyl. Furthermore F^ and Re can be Y. wherein Y is selected from halogen, amino, alkylammo, hydroxy. 
35 Preferably Y is F, CI, Br or I. 

o. p. q. r, s can vary from 0 to 10. 

m=0or1 n=1 or 2 h=2 or 3 and such that m+n+t>=4. .. 
Metallocenes according to formula (I) are prepared according to Royo et al.. Organometallics. 14. 177.(1935). 
except when the metallocenes are monof unctionalized. In this case the use of trtehloromonocyclopentad.enyl transition 

40 metal compounds is required. . 

Metallocenes compounds useful for the preparation of catalyst components according to the invention are for 

example: v 
(ChIorodimethylsirylcyclopentadienyI(cyclopentadienyl zirconium dichlonde. 

Bis(Chlorodimethylsiiylcyclopentadienyl) zirconium dichloride. 
45 Bis(Chlorodimethyisilylcyclopentadienyl) zirconium dimethyl. 

(Bromodimethylsilylcyclopentadienyl)cyclopentadienyl zirconium dichloride. 

Bis(Bromodimethylsilylcyclopentadienyl) zirconium dichloride. 
Chlorodimethylsilylcyclopentadienyl zirconium trichloride. 

(2(Chlorodimethylsilyl)ethylcyclopentadienyl) cyclopentadienyl zirconium dichloride. 
60 (3(Chlorodimethyisilyl)propylcyclopentadienyl) cyclopentadienyl zirconium dichloride. 

(Chlorodimethylsilylcyclopentadienyl)cyclopentadienyl zirconium dimethyl. 

(Bromodimethylsilylcyclopentadienyl)cyclopentadieny1 zirconium dimethyl. 

Bis(Bromodimethylsilylcyclopentadienyl) zirconium dimethyl 

(2(Chlorodimethylsilyl)ethylcyclopentadienyl) cyclopentadienyl zirconium dimethyl. 
55 (3(Chlorodimethylsilyl)propylcyclopentadienyl) cyclopentadienyl zirconium dimethyl. 

(Chlorodimethylsitylcyclopentadienyl)cyclopentadienyl titanium dichloride. 

Bis(Chlorodimethylsilylcyclopentadienyl) titanium dichlorkJ . 

(Chlorodimethylsilylcyclopentadienyl) fluorenyl zirconium dichloride. 
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The inorganic support according to the P'° sen ^^^ the foliowing: silteates. car- 

Hlustratrve. but not limiting, examples of supports J^"^^^,. silica . alu mina, silica*.umina. silica 
bonates. phosphates, clays. metaloxkJes and moctures thereof Most purred are ^ 
titanates. silica vanadates, silk* chromates. a.um,n,urr ^X ^S ^O^g, the pore volume is 0.2-4.0 
The surface area ol the inorgantc support ^^.f'^^Z preferably 5 100 micron. 



ot formula (II): 



(R 13 ) z Rio 
(R 9 ) v -Si-(0-Si) t -(R 1J ) u -F 



wherein: _ bfanched alkyl , Cg-C, cycloalkyt optionally substituted by a C-C, 

F 1s NH 2 . NHR-SH. OH. PHR. CI, Br or I. 

v +z+w=3 with v different from 0 
t and u are from 0 to 10. 

several times to remove the unreacted metallocene. atmosphere, remaining active for a long 

catalyst components are the following: 



SOPORTE)^ /MX, t,,,:> 

1-2 
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10 



soporteV^Soc r .v> 

When the metaliocene used in the preparation of the catalyst component is monofunctionalized, the obtained 
catalyst components ar the following: 

SOPORTEy^-MXj <v, 



15 



20 



SOPORTEKF-U^s CV '' J 



wherein F* corresponds to F ol formula (II) modified by chemical reaction between the functionalized metaliocene 
catalyst and the functional groups of the support. 

2S The chemical bond between support and metaliocene provides a catalyst which maintains the structure of the 

active species and. in the presence of a cocatalyst. is very active in olefin polymerization. 

The cocatalyst used for activating the catalyst component is selected from methylaluminoxane (MAO), modified 
methylaluminoxane (MMAO), and boron compounds such as N.N-dimethylanilinium tetrakis(pentafluorophenyt )borate 
or trispentafluorophenylborane. If the cocatalyst used is a boron compound, the metaliocene needs to be converted 

so into an alkyl derivative. The alkylation reaction can be carried out by using alkylating agents decnbed in literature, such 
as aluminium alkyls (TIBA). MAO. alkyl compounds of alkali metals, such as methyl lithium, butyl lithium and the like 
or can be alkylated "in situ' by adding small amounts of aluminium alkyls (TIBA. TEA) and subsequent formation of 
the cation by addition of the boron compound (Chien. J.C.W.. Makromol. Chem.. Macromol. Symp.. 66.141-156. 
(1993)). 

as The catalytic systems of the present invention are useful for the homo- and copolymerization of CrCgoOolefins 

in the gas phase, in slurry or in solution, at a pressure of from 1 to 2000 atm. at a temperature of from - 40°C to 280 C. 
The polymerization time depends on the process used and might generally vary between 20 seconds and 6 hours. 

The concentration of the transition melal in the reaction medium can vary in a wide range but is preferably between 
1 7x10 6 M and 5x10 3 M. most preferably between 8.3x10* M and 5x10"* M. 
40 When aluminoxane is used as a cocaialyst. the molar ratio Al/Me of the metaliocene is preferably comprised 

between 10 and 10.000. most preferably between 100 and 2000. • 

When a boron compound is used as a cocatalyst. the molar ratio B/Me is preferably comprised between 0.5 and 

, 10. most preferably between 0.9 and 5. '."♦•„ 
The molecular weight of the polymer can be adjusted by varying the polymerization temperature, the concentration 
45 of the catalyst in the reaction medium, the molar ratio cocatalyst/catalyst or by feeding hydrogen to the reactor. 

The process is applicable to any olefin polymerizable by using a Ziegler-Natta catalyst, it is however particularly 
suitable for homopolymerizing 6-olef ins having 2 to 20 carbon atoms such as ethylene, propylene. 1 -butane. 1 -hexene. 
4-methyl-1 -pentene and the like, as well as cyclic monomers. 

The process is also suitable tor copolymerizing ethylene with 6-otefins having 3 to 20 carbon atoms, preferably 
so from 3 to 8. such as propylene. 1 -butene. 1 -hexene. 4-methyM -pentene. 1 -octene and the like, as well as cyclic mon- 
omers, or mixtures of two or more of these comonomers. . _ _ 
The molar ratio between the comonomer and ethylene can vary in a wide range; it is however preferred to use a 
range from 1 :1 to 5:1 . In this way polymers having density from 0.860 to 0.960 g/cm3 are obtained. 

55 EXAMPLES 

The following examples are presented solely for purposes of illustration and should not be construed as limiting 
the invention. 
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Examples 1 and 2(a. b and crates to the preparation of the support of the ca,a*st component and its use ,or 
obtaining heterogeneous catalysts according to the present .nvention. 

EXAMPLE 1 

This example illustr^^ 
controlled by.calcination. The calcned 6 ^^XXXei^ace is heated at a speed ot 10»C/m.n up 
fluidized be calcination furnace, a sample ot support k n ^^J^,^,^ and is afterwards cooled down, 
to nominal calcinati^temperature^ 

always under inner atmosphere. Eventually. ^^"JSSlJS. amount of ethane formed in the stoich,c- 
perature and amount ot hydroxy group. 

TABLE I 



Support 


Calcination T 


mmol OH/g support 1 


Si0 2 


200°C 


2.03 


Si0 2 


400° C 


1.56 


Si0 2 


800°C 


0.78 


AIP0 4 


200°C 


1.21 


AIP0 4 


400°C 


0.95 




800°C 


0.65 



5 EXAMPLE 2A 

• pravtoust, calcined a. 300-C <acco<« 8 .0 ^^"^'J^^^^ o. S^oopwIIAne^lBna 
Tn. ,Blca is alu,*d wi«i 50 ml 12 hows. Tl» «* fe ««««■■ « as ^, 

is 1.73%. 

15 

EXAMPLE 2B 

THa^i—sl^^ 

The nitrogen content is 0.58 mmoles N/g. 
EXAMPLE 2C 

This «*. M~ ~ P-^-S? ?St5SS? 2 T^»ca 

cMrictf mcd»calion ol in. WP"I will, SH g»ups. ™ P'ff^ _™ J^wfcnol 1.80 mo»W P« 9°l 

The sulphur content is 1 .86% by weight. ^n^ents according to the present invention. Metallocenes 

55 
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EXAMPLE 3 

This xampie illustrates the preparation of a catalyst component supported onto an inorganic support containing 
a controlled amount of OH groups. The impregnation reaction of the metal locene onto the inorganic support is carried 

5 out in a 250 ml glass reactor equipped with a mechanical stirrer and immersed in a thermostatic bath. 3.24 g of silica 
(previously calcined at 800°C and with a concentration of OH groups of 0.78 mmol/g) are slurried with 50 ml of dry 
toluene. 1.45 g of [(CISiMeg) (C 5 H 4 )] (C 5 H 5 )ZrCI 2 are added to the suspension under inert atmosphere. The reaction 
mixture is heated to 70°C and kept under constant stirring during 24 h. At the end the solid is filtered, washed several 
times with the dry toluene and dried under vacuum. The so obtained violet solid contains 4.38% by weight of Zr. This 

10 catalyst component, when stored under nitrogen, is stable for a long time. This catalyst component is named Catalyst A. 

EXAMPLE 4 

This example illustrates the preparation of a catalyst component supported onto an inorganic support containing 
is a controlled amount of OH groups. The impregnation reaction of the metalkxene onto the inorganic support is carried 
out according to the procedure of example 3 but using 4.46 g of silica (calcined at SOO^C, 0.78 mmol OH/g support) 
and 0.63 g of l(CISiMe 2 ) (CfiH^^ZrCfe. The so obtained grey-greenish solid contains 2.00% by weight of Zr. This 
catalyst component, when stored under nitrogen, is stable for a long time. This catalyst component is name: Catalyst B. 

20 . EXAMPLES 

This example illustrates the preparation of a catalyst component supported onto an inorganic support containing 
a controlled amount of OH groups. The impregnation reaction of the metallocene onto the inorganic support is carried 
out according to the procedure of example 3 but using 4.71 g of aluminium phosphate gel (calcined at 200°C, 1.21 
2S mmol OH/g support and 1 .63 g of [(CISiMeg) (CghU)] (C 6 H 5 )ZrCI 2 . The violet solid obtained in this way contains 0.78% 
by weight of zirconium. This catalyst component is named: Catalyst C. 

EXAMPLE 6 

30 This example illustrates the preparation of a catalyst component supported onto an inorganic support containing 

a controlled amount of OH groups. The impregnation reaction of the metallocene onto the inorganic support is carried 
out according to the procedure of example 3 but using 1 .88 g of silica (calcined at 400°C, 1 .56 mmol OH/g support 
and 0.21 g of [(CISiMe 2 ) (CgH^kZrCfe. The so obtained violet solid contains 0.53% by weight of Zr. This catalyst 
component is named Catalyst D. - 
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EXAMPLE 7 



This example illustrates the preparation of a catalyst component supported onto an inorganic support chemically 
modified by incorporation of NH 2 groups. The impregnation reaction of the metallocene onto the inorganic support is 
40 carried out according to the procedure of example 3 but using 5.16 g of functionalized silica prepared according to 
example 2A and 333.5 mg of [(CISiMe 2 ) (CgH^)] (C 5 H 5 )ZrCI 2 . The beige solid obtained in this way contains 1 .07% by 
weight of zirconium. This catalyst component is named: Catalyst E. 



EXAMPLE 8 



This example illustrates the preparation of a catalyst component supported onto an inorganic support chemically 
modified by incorporation of NH 2 groups. The impregnation reaction of the metallocene onto the inorganic support is 
carried out according to the procedure of example 3 but using 2.94 g of functionalized silica prepared according to 
example 2A and 250 mg of [(CISiMe 2 ) (CshUUsZrCfe. The white-yellowish solid obtained in this way contains 1.49% 
so by weight of zirconium. This catalyst component is named: Catalyst F. 

Examples 9-21 describe the preparation of a-olefins homo- or copolymers by the use of heterogenous catalytic 
systems according to the present invention. 



EXAMPLE 9 



This example illustrates the preparation of polyethylene by the use of the catalyst component described in example 
3. In a 500 ml glass reactor dried and flushed with nitrogen, with an inlet quipped with a septum and a magnetic stirrer 
200 ml of dry heptane are introduced in a nitrogen atmosphere. The reactor is immersed in a thermostatic bath and 
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thenHrogenatmosphereis—^ 

Ethylene are obtained. The catalytic activity is 976 kg PE/mol Zr x h x atm. 
EXAMPLE 10 

£5ymer are obtained. The catalytic activity is 764 kg PE/mol Zr x h x atm. 
EXAMPLE 11 

pdymerttatlon «a. earrtad ou. In a 1 I ««*» ™ ^J£5^^» conn* .ne niiacula, ««< C •» 
Sm. 0.4 ba, ot H s war* addad « ?°J""**" 8 ^ ! ™ B «"• «w 6 minutas ol polym- 

mol Zr x h x atm! 
EXAMPLE 12 

5S are obtained. The catalytic activity is 533 to PE/mo. Zr x h x atm. 
EXAMPLE 13 

TO. exalte >l.o..ra«. « P^P-*" o. p**^ « « ^^SES3£ ^SSSSHS 

obtained. The catalytic activity is 1 500 kg PE/mo! Zr x h x atm. 
EXAMPLE 14 

to EXAMPLE 1S 

EXAMPLE 16 

pr „eadu,= <. *.»» » « one J^^^^^STs*.. ^*^ e to * 8 " 
EXAMPLE 17 

activity is 800 kg PE/mol Zr x h x atm. 



iS 



so 
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EXAMPLE 18 

This example illustrates the preparation of an ethylene-hexene copolymer by the use ot the catalyst component 
ol example 4. The copolymer was prepared according to the procedure described in example 11 but adding 1 -hexene. 
s The molar ratio 1 -hexene: ethylene in the feeding was 1 :1 . 10.0 mmol of MAO and then 0.03 mmol of Zr from catalyst 
B were added. After 15 minutes of polymerization 18 g of polyethylene copolymer having Mw = 160.336 and MWD = 
3.4 were obtained. The catalytic activity is 690 kg PE/mol Zr x h x atm. Th obtained copolymer contains 1 .78% by 
moles of hexene randomly distributed. 

10 EXAMPLE 19 

This example illustrates the preparation of an ethylene-hexene copolymer by the use of the catalyst component 
of example 5. The copolymer was prepared according to the procedure described in example 1 1 but adding 1 -hexene 
The molar ratio 1-hexene:ethylene In the feeding was 1:1 . 15.0 mmol of MAO and then 0.01 mrrx>t of Zr from catalyst 
is c were added. After 10 minutes of polymerization 18 g of poVethylene copolymer having Mw = 110.343 and MWD = 
3.0 were obtained. The catalytic activity is 2300 kg PE/mol Zr x h x atm. The obtained copolymer contains 1.4 /<, by 
moles of hexene randomly distributed. 

EXAMPLE 20 

20 

This example illustrates the preparation of an ethylene-hexene copolymer by the use of the catalyst component 
ot example 8. The copolymer was prepared according to the procedure described in example 11 but adding 1 -hexene. 
The molar ratio l-hexene:ethylene in the feeding was 1:1 . 10.0 mmol of MAO and men 0.02 mmol of Zr from catalyst 
F were added. After 15 minutes of polymerization 15 g of polyethylene copolymer hav.ng Mw = 63.038 and MWD = 
2S 2.5 were obtained. The catalytic activity Is 800 kg PE/mol Zr x h x atm. The obtained copolymer contains 1.2% by 
moles of hexene randomly distributed. 

EXAMPLE 21 

This example illustrates the preparation of an ethyleneoctene copolymer by the use ^^^^^ 
example 7. The copolymer was prepared according to the procedure descnbed In example 11 but a dd. f "9j^ene 
Tht molar ratio 1^ene:ethylene in the feeding was 1 :1 . 10.0 mmol of MAO and then 0.03 mmolof Zr from catalyst 
EweTe added . After 15 minutes of polymerization 6 g of polyethylene copolymer having Mw = 106.060 and MWD = 
3.0 were obtained. The catalytic activity Is 250 kg PE/mol Zr x h x atm. The obtained copolymer contains 1.43% by 
35 moles of octene randomly distributed. 

Claims 

40 1. Catalyst component obtainable by contacting a metallocene compound with an inorganic support, wherein the 
metallocene compound has formula (I): 



45 



<«-i), 



m 



so 



R 6 R s R 2 Ri ;M-(X) h 

(r-(Si) s -(C) r .( <Q» q -(C) p -(Si) 0 -L 2 ) n x 

R a R 7 R 4 R 3 



wherein: 



55 Mis a metal of group IVb.Vb or Vlb of the periodic table, preferably Ti.Zr or Hf. 

each X is independently selected from hydrogen, halogen. C,-C 10 a'kyl. C,-C 10 alkoxy. C 6 -C 10 aryl. c 6 o 10 
ariloxy. C 2 -C 10 alkenyl. C r C 40 arylalkyl, CrC^ alkylaryl. C 6 -C 4 o arylalkenyl 

Ll and L 2 are independently selected from cyclopentadienyl. substituted cyclopentad.enyl. indenyl fluorenyl. 
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C,o "near or branded ^^^^^ 

ariioxy. C 2 -C 10 -tag* £ ^JJ^J se .ected from hydrcgen y( 
groups with compounds ot formula (U): 



(R13V ^10 

(R 9 ) v -Si-(0-Si) t -(R 1 ^ 
(R^w Rn l " 3 



.. . o r rvdoalkvl optionally substituted by a C n - ') 

cyctoalkyl.C 6 -C 10 aryl.C 2 -C l0 a ,ken y 1 '^ 40 
Ms to S 2 .NHR.SH.OH.PHR.C..Bror». 

. ^r^— s—'— — * 

or thiol functional groups. rocat atvst : 5 

• ; rzrr— "-^ " 

mixtures thereof. or jn so iution. at a 



45 



£0 



ot claims 4-5. 
9 . Meiallocene compound ot formula 0): 
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<Ll V 

R 6 R 5 R 2 R i " M-(X) h 

(*(Si) s -<C) f -( ©) q -(C) p -(S0 o -L 2 ) r ^ 



R 8 R 7 R 4 Rj 

10 . .... 

wherein: 

M is a metal of group IVb, Vb or of the periodic table, preferably Ti, Zr or Hf. 
is each X is independently, selected from hydrogen, halogen, C r C 10 alkyl, C r C l0 alkoxy, C 6 -C 10 aiyl, C 6 -C 10 

ariloxy, C 2 -C 10 alkenyl, CrC 40 arylalkyl. Cy-C^ alkylaryl. Ce-C^ arylalkenyl. 

L, and Lg are independently selected from cyclopentadienyl, substituted cyclopentadienyl, indenyl fluorenyl, 
substituted indenyl and substituted fluorenyl. wherin the substituents are independently selected from 0,-0, 0 
linear or branched alkyl, C 5 -C 7 cycloalkyl. optionally substituted by an alkyl group, C 6 -C 10 aryl, C 6 -C 10 ariloxy, 

20 C 2 -C 10 alkenyl, C 7 -C 40 arylalkyl, C 7 -C 40 alkylaryl, Ce-C^ arylalkenyl. 

R„ R 2 . R 3. R 5 , Re. R?. Rsare independently selected from hydrogen, O v O^ linear or branched alkyl, C 5 - 
Cy cycloalkyl optionally substituted by a C,-C 6 alkyl, C 6 -C 10 aryl, C 2 -C 10 alkenyl, Cy-C^ arylalky, C 7 -C 40 
alkylaryl, CVC^ arylalkenyl. Furthermore Ffe and R e can be Y, wherein Y is selected from halogen, ammo, 
alkylamino, hydroxy. Preferably Y is F. CI. Br or I. 

25 o, p, q, r, s can vary from 0 to 10. 

m= 0 or 1 n=1 or 2 h=2 or 3 and such that m+n+h=4. 

With the proviso that the metat locene is not Chlorodimethylsylilcyclopentadienyl zirconium trichloride, Chlo- 
rodimethylsylilcyclopentadienyl titanium trichloride, 
Bis(chlorodimethytsylilcyck>pentadienyl) zirconium dichloride 

50 
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